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ABSTRACT 

This year, we- celebrate the 40th birthday of the -first 
landing of humans on the moon. 9y 2020. astronauts 
should return to the lunar surface and establish an out- 
post there that will provide a tedhrtic al basis for future 
manned me si on s to Miars. This paper summarizes ma- 
jor constraints associated with a tif5 to Mars, presents 
immunological hazards associated with this type of 
mission, and shows that our current understanding of 
the immunosuppresswe effects of spaceflight is limited. 
Weakening of the immune system associated with 
spaceflight is therefore an area that she u d be consid- 
ered more thoroughly before we undertake prolonged 
space voyages. J. Lc-ukoc. Bid SB! f027-l03BI 
2000 . 

Introduction 

in 1061 , Van f jgorin became die first tinman cci leave die- con- 
fines of Finh. Since then, over t£30 people have traveled into 
space, but so far, only 24 astronauts I those of the Apollo mis- 
sions) have travel ed beyond cbe first -11X1-500 km of the Imv- 
Kanh orbit, in which the magnetic field of the Earth deflects a 
sipnifiiiiu fraction oT radiation. Beyond die Van Allen radiation 
belt, where charged panicles ire trapped in the magnetic field of 
the Earth, astronauts are exposed to solar ind cosmic radiai ion. 

On July 20, 1969, Neil Armstrong and Edwin Aldrin became 
die first hum ins to land on die moon. This summer, we cele- 
brated the fOih birthday of diis historic event. A few years ago, 
President George W. Hush proposed a manned return to the 
moon, with the moon to become die staging post Tor manned 
missions to Mars f 1 1. President Barack IL. Obama's 2010 bud- 
get request, released on February 26. 2009, confirmed ihai 
NASA will stay on track to return to die moon by 2020. A mis- 
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sion to Mars and back will take i mini mum of 520 days, of 
which roughly 1 month will lie spent on the martian surface, 
and die rest will be spent in transit. At its furthest, die crew- 
will be some 360 million km away from home. Consequently, 
astronauts will have- to exercise an unprecedented level of au- 
tonomy and teamwork |21. IJuring the mission, they will expe- 
rience hol only microgravity bin also various forms or stress, 
such as confinement, high expectations of performance, and 
risks of equipment failure or fatal mishaps. Ihe enormous dis- 
tance and long travel rime to Mars will also probaldy aJTea the 
astronauts psychologically. The crew will therefore endure in- 
creased stress levels, radiation, as neither the moon nor Mars 
has magnedc holds or dense atmospheres that could attenuate 
them, and mtcrogmvicy-induced changes, such as alterations in 
body fluid distribution, which could influence their immune 
system. As gravity has shap'd die architecture of all biological 
systems on our planet, it is reuonalile to observe aberrations 
in normal functioning of life in weigh tlessness. A long-term 
spaceflight will also pose a multitude of health risks, not only 
those associated widi spacellight. such as hone tie mineral iza- 
tion. skeletal muscle atrophy, and immune system suppression 
iFifr. I), hut also from common diseases tit at might cause spe- 
cific problems under these; circumstances. .Another risk may 
be the development or pathogens in a closed environment, 
where air, food, waste, and water are recycled. Confinement of 
the crew during flight can and has resulted in the transfer or 
microorganisms among crew members f-i, 5|. Finally, specific 
health risks might also lie encountered on the lunar or mar- 
dan surface, such as dust or chemicals that could irritate die 
respiratory tract, for example, or even new organisms. Indeed, 
3 days on the moon during the final Apollo mission in 1972 
left astronaut Eugene Oman weary and filthy wiih rock dust. 

A trip to Mars will certainly muldply die hazards of space 
travel. 

Humans are neady to accept, great risks to go where no one 
has gone before, but do we have sufficient and sound biologi- 
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Objectives 



•Replace several recent immune studies with one comprehensive study that will 
include in-flight sampling. 

•Address lack of in-flight data: determine the in-flight status of immunity, 
physiological stress, viral immunity/reactivation (short/long). 

•Determine the clinical risk related to immune dysregulation for exploration class 
spaceflight. 

•Determine the appropriate monitoring strategy for spaceflight-associated immune 
dysfunction, that could be used for the evaluation of countermeasures. 



Assays for Integrated Immune 


JSC 

Immunology 

Laboratory 


•Leukocyte subsets 
•T cell function 

•Intracellular/secreted cytokine 
profiles 



Mercer 

University 


•Plasma cytokine balance 
•Leukocyte cytokine RNA 
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Microgen 

Laboratories 


•Virus specific T cell number 
•Virus specific T cell function 
• Plasma stress hormones 



JSC 

Microbiology 

Laboratory 


• Latent herpesvirus reactivation 
(saliva/urine) 

•Saliva/urine stress hormones 
•Circadian rhythm analysis 











Subjects 


Study ‘n’: 


17 Short duration 
17 Long duration 


Completed: 18 Short duration 

8 Long duration 



Today: 

Completed Short Duration Data 



9 Shuttle missions; 18 Shuttle crewmembers participated 





JSC Immunology Laboratory 


-Peripheral leukocyte distribution 
-T cell function 

-Intracellular cytokine profiles 
-Secreted cytokine profiles 



Representative Individual Data 
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Peripheral Leukocyte Distribution 
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Peripheral Leukocyte Distribution 


Activated T Cells 
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T Cell Function: 
Intracellular Cytokine Profiles 


Intracellular Cytokines 
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T Cell Function; 24 hr culture 


T Cell Function: A+B 
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T Cell Function: 3/28 
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T Cell Function: 

Secreted Cytokine Profiles (CD3/CD28 48hr) 




T Cell Function: 

Secreted Cytokine Profiles (PMA+1 48hr) 




Innate Immune Function: 

Secreted Cytokine Profiles (LPS 48hr) 





Mercer University 


Leukocyte cytokine mRNA 
Plasma cytokine levels 



Cytokine mRNA: 

INFLAMMATORY RESPONSE. Mean, n=11. 




Cytokine mRNA: 

INNATE ANTI-VIRAL IMMUNITY. Mean, n=11. 
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Microgen Laboratories 


-Virus specific T cell number 
-Virus specific T cell function 
-B cell EBV copy level 
-Stress hormone levels (plasma) 



Plasma cortisol levels 
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Viral Antibody Titers 
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Viral Antibody Titers 
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Virus-specific T cell Number/Function 
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Collection Time 


% IFN-producing EBV T-cells 





Viral Antibody Titers 



Collection Time 





% CMV (pp65) CD8+ T-cells 


Virus-specific T cell Number/Function 
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JSC Microbiology Laboratory 


-Latent herpesvirus reactivation (EBV, CMV, VZV) 
-Stress hormone levels (saliva/urine) 

-Circadian rhythm analysis. 



Space Shuttle 


PRE-FLIGHT 


FLIGHT 


POST-FLIGHT 
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Viral Reactivation in Short Duration Space Flight 


Total number of 


crewmembers 17 

Male 16 

Female 1 

Number of 

space flights 9 


EBV, VZV and / or CMV shedding in 17 
Crewmembers 

Number of crewmembers who shed 
Total EBV VZV CMV 

17 14 7 8 

pre, during or both during pre, during or 
post and post post 


No EBV in 3 / 17 subjects 
No VZV in 10 / 17 subjects 
No CMV in 9 / 17subjects 


There were 3 subjects who did not shed any of the 
three viruses tested. 



EBV, VZV and CMV in 17 short duration 
crewmembers' saliva and urine samples before 
during and after the space flight 


Number of 
saliva samples 
collected 

Total 

samples 

381 

Samples positive 
for EBV 

72 

% 

18.9 

Samples positive 
for VZV 

28 

% 

7.4 

Number of urine 
samples 
collected 

66 

Samples positive 
for CMV 

21 

% 

31.8 
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EBV copies/ ml 


Salivary EBV in 17 short duration crewmemebers 
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Days of sample collection 






Salivary VZV in 17 short duration crewmemebers 
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Urinary CMV DNA copies in 8 space shuttle crewmembers 





Next Step 


•ISS/long duration portion will 
determine if these alterations persist or 
resolve over course of 6 month orbital 
flight. 

•Resolved changes would indicate 
short duration findings related to high 
activity/high stress environment of 
Space Shuttle mission. 

•Persistent phenomenon may support 
countermeasures development. 


